ABSTRACT Background: Many developing countries now face the double burden of malnutrition, defined as the coexistence of a stunted child and overweight mother within the same household. Objective: This study sought to estimate the prevalence of the double burden of malnutrition and to identify associated maternal, child, and household characteristics in rural Indonesia and Bangladesh. Design: A total of 247,126 rural households that participated in the Indonesia Nutrition Surveillance System (2000)(2001)(2002)(2003) and 168,317 rural households in the Bangladesh Nutritional Surveillance Project (2003)(2004)(2005)(2006) were included in the analysis. Maternal and child double burden (MCDB) and its association with individual and household characteristics were determined by using logistic regression models. Results: MCDB was observed in 11% and 4% of the households in rural Indonesia and Bangladesh, respectively. Maternal short stature [Indonesia (OR: 2.32; 95% CI: 2.25, 2.40); Bangladesh (OR: 2.11; 95% CI: 1.96, 2.26)], and older age were strong predictors of MCDB. Child characteristics such as older age and being female were associated with an increased odds of MCDB, whereas currently being breastfed was protective against MCDB [Indonesia (OR: 0.84; 95% CI: 0.81, 0.84); Bangladesh (OR: 0.55; 95% CI: 0.52, 0.58)]. A large family size and higher weekly per capita household expenditure predicted MCDB [Indonesia (OR: 1.34; 95% CI: 1.28, 1.40); Bangladesh (OR: 1.94; 95% CI: 1.77, 2.12)]. Conclusions: Double burden is not exclusive to urban areas. Future policies and interventions should address under-and overweight simultaneously in both rural and urban developing country settings.
INTRODUCTION
An estimated 1.5 billion adults are overweight worldwide (1), with recent trends showing a shift in prevalence from higher to middle-and low-income countries (2) (3) (4) . Consequently, developing nations are now confronted with the double burden of malnutrition (5) , characteristically defined by the coexistence of under-and overnutrition (6) . Research has reported this phenomenon within the same country (7) (8) (9) , within the same household (10) (11) (12) , and among maternal-child pairs (5, (13) (14) (15) . Double burden stands to further threaten the health and economic stability of these already resource-strained countries. MCDB 4 , commonly defined as an overweight mother paired with an undernourished child, is of concern because under-and overnutrition are thought to operate through independent causal pathways and have typically been treated as distinct health problems (12) (13) (14) . Child undernutrition is associated with an increased risk of childhood mortality and poor cognition (16) , which may result in an increased risk of NCDs and obesity in adulthood (16) (17) (18) (19) . Several mechanisms have been proposed to explain the link between child undernutrition and obesity in adulthood. Undernutrition in childhood has been associated with an increased risk of high glucose concentrations, high blood pressure, higher susceptibility to gain central fat, and harmful lipid profiles-all of which are linked to NCDs in adulthood (19) (20) (21) . NCDs cause approximately two-thirds of deaths globally and are thought to be a major barrier to achieving the Millennium Development Goals by 2015 without comprehensive actions by countries.
Although research is limited, an increased prevalence of MCDB has been observed in countries that are in the midst of their nutrition transition (2, 5, 22) . Several studies have shown that MCDB is strongly tied to economic factors (11, 15) . MCDB has also been associated with older maternal age (14) , maternal short stature (15) , and increased family size (12) (13) (14) . However, most previous research on MCDB has focused on urban areas, and the association has not been adequately explored in rural areas of low income countries, where evidence suggests an increasing prevalence of overweight and a shift in dietary patterns (9, 19) .
In rural Bangladesh and Indonesia, a high prevalence of poverty and undernutrition is well documented (23) . However, both countries also boast high mortality rates for cardiovascular disease and number of estimated diabetes cases (24) . Increasing prevalence in overweight and NCDs translates into rising health care costs in Bangladesh and Indonesia, 2 countries with large rural area populations (23) (24) (25) . The current analysis sought to determine the prevalence of MCDB in rural Bangladesh and Indonesia. Child, maternal, and household characteristics associated with MCDB were also explored using the nationally representative nutrition surveillance data from each country. Understanding the prevalence and predictors of MCDB among these populations will allow for informed development of policy and intervention strategies.
SUBJECTS AND METHODS

Data
For nearly 2 decades, the NSS of Indonesia and the NSP of Bangladesh have been carried out jointly by the HKI and the governments of Indonesia and Bangladesh, respectively. Details of the NSS and NSP are described elsewhere (9, 26, 27) . Briefly, both surveillance systems are based on UNICEF's conceptual framework on the causes of malnutrition (28) . Relevant information was collected from households with children aged ,5 y in both urban and rural areas. A stratified multistage cluster sampling method was used to identify eligible households in both the NSS and NSP. The sampling schemes were designed to represent Indonesia and Bangladesh, both nationally and divisionally. In Indonesia, rural data were collected every 3 mo from the provinces of Lampung, Banten, West Java, Central Java, East Java, Lombok, South Sulawesi, and West Sumatra. In Bangladesh, data were collected every 2 mo. Rural data were collected from 4 subdistricts in each of the 6 divisions, namely Barisal, Chittagong (including Chittagong Hill Tracts), Dhaka, Khulna, Rajshahi, and Sylhet. A household is defined as a group of individuals eating from the same kitchen, and new households were selected for every round of both surveys. This analysis includes a total of 415,443 rural households that participated in the NSS from 2000 to 2003 (n = 247,126) and in the NSP from 2003 to 2006 (n = 168,317).
Data collection
Data collection methods were similar in Indonesia and Bangladesh. Eligible respondents in each of the selected households were visited in their home by 2-person field teams, who conducted interviews and made anthropometric measurements. Written consent was sought from each respondent. Parents or guardians provided consent for children under 5. Interview and assessments were conducted only after consent was obtained.
Using a structured questionnaire, the mother of the child or other caretaker was asked to provide information on the child's age, sex, morbidity in the past week(s), vaccination, breastfeeding status, and dietary intake. Maternal data including age, education, morbidity, reproductive history, personal hygiene, smoking status, and alcohol consumption were collected. Information on household characteristics such as food composition, agricultural practice, expenditures, and other SES, environmental, and health indicators were collected. Price variables were collected in Bangladesh taka or Indonesian rupiah.
Anthropometric measurements, including height/length and weight of the children and mothers were taken following standard procedures (29) . Weight was measured by using a Precision Health Scale (TANITA Corporation) to the nearest 0.1 kg. Height/ length was assessed to the nearest 0.1 cm by using a height-andlength board. Age was verified by using immunizations cards or home records. If this information was unavailable, mother's recall or the local events calendar was used to elicit the age of the child.
The field staff collecting the data was from local nongovernmental organizations and were trained by HKI before each round of data collection. Monitoring teams from HKI supervised the field staff during data collection. To ensure data reliability, 5-10% of the interview and anthropometric data were recollected the following day. Nonresponse and refusal to participate were minimal (;3%) for both surveillance systems, which suggested that the samples are representative of Indonesia and Bangladesh. These study protocols complied with the principles expressed in the Helsinki Declaration (30) and were approved by the ethical review committees of the Ministry of Health, Government of Indonesia and the Bangladesh Medical Research Council. Secondary data analysis was approved by the institutional review board of the Johns Hopkins University School of Medicine.
Statistical analysis
Stunting was defined as a height-for-age z score ,22 according to the WHO growth standards (31) in AnthroPlus 2009 software. Maternal BMI was calculated as a ratio of weight (kg)/ height (m) 2 . Given our aim of informing policy and intervention strategies, "maternal overweight" was classified as a BMI (in kg/m 2 ) 23 to capture those at increased risk of NCDs (9, 32) . MCDB was defined as the coexistence of a stunted child and an overweight mother within the same household. This analysis included only the youngest child (6-59 mo of age) from each of the selected households. Children ,6 mo of age and women with a BMI ,12 or .50 were excluded from the analysis (9, 15) . All analyses were weighted according to the population size and adjusted for the multistage cluster design of the NSS and NSP.
Weekly household per capita expenditure was used as the primary indicator of SES. The weekly expenditures on grain food items were added to nongrain food items. The monetary value of in-kind rice produced, received as in-kind payment for labor, or as a gift for the amount consumed by the household was added to the expenditure on grain foods. The sum of household expenditures on nonfood items, such as education and housing, were also calculated. Subsequently, the total weekly expenditures for all nonfood items, grain foods, and nongrain foods were summed and divided by household size to estimate a total household weekly per capita expenditure. Household size was measured as a simple count of household members. Quintiles of weekly per capita expenditure were created. Additional details on the calculation of household expenditure are described elsewhere (33) .
Descriptive statistics were used to examine the full distribution of variables. Using appropriate cutoffs, categorical variables were created for maternal education (no education, primary school, secondary school, or . secondary school); maternal height (,145, 145-149.9, or 150 cm; maternal short stature, ,145 cm); birth order (1-3 or 4); family size (2-3, 4-6, or 7); place of defecation (open/closed latrine or other); and source of tap water (tap, hand pump, well, or other). The analyses were performed separately for rural Indonesia and Bangladesh. To determine factors associated with MCDB, bivariate analyses were conducted for all the various risk factors by using a chi-square test. Risk factors were initially selected on the basis of their known association with maternal and child nutrition, as reflected in UNICEF's conceptual framework on the causes of malnutrition. These causes include child characteristics such as demography, morbidity, birth weight, dietary intake, breastfeeding, and vaccination status; maternal characteristics such as age, education, morbidity, reproductive history, personal hygiene, childcare practices, and tobacco use; household composition; expenditure; and environmental indicators, among others. Only child, maternal, and household characteristics that were significantly associated with MCDB in the bivariate analyses (P , 0.05) were included in the multiple logistic regression models. Separate logistic regression models were developed for Indonesia and Bangladesh with MCDB as the dependent variable and potential predictors as the independent variables. ORs and corresponding 95% CIs were calculated with statistical significance defined as P , 0.05. All analyses were performed by using Predictive Analytics SoftWare Statistics (PASW, version 18.0; SPSS Inc).
RESULTS
Indonesia
The mean (6SE) age of the mother included in the analysis was 28.0 6 0.01 y ( Table 1) . Most of the mothers had no or only 1 Missing values existed in the Indonesian sample, including the following: BMI (n = 9), child diarrhea (n = 1149), receipt of vitamin A capsule (n = 1462), and birth weight (n = 55,563).
2 Missing values existed in the Bangladeshi sample, including the following: maternal age (n = 57), child diarrhea (n = 8), breastfeeding status (n = 28), receipt of vitamin A capsule (n = 435), place of defecation (n = 7), and birth weight (n = 162,947).
3 Mean 6 SE (all such values). 4 Estimated by using 2006 WHO growth reference. 5 Percentage of children 6-23 mo of age who were breastfed at the time of interview. 6 Number of people eating from the same cooking pot in the same household.
primary education (64%), and ;17% had short stature. The mean (6 SE) BMI was 22 6 0.01, and 32% of the mothers were overweight. The mean (SE) age of children was 25.3 (0.3) mo with both sexes equally represented. Approximately 37% of children were stunted, and a large majority were currently being breastfed. Two thirds (66%) of the children had received a highdose vitamin A capsule in the previous 6 mo, and slightly .7% had had diarrhea in the past week.
An overweight mother and stunted child pair was observed in 11% of the households in rural Indonesia ( Table 2 ). More specifically, 5.3% of households had a stunted child paired with a mother whose BMI was 23-24.9. Nearly 6% of the population of Indonesia had a stunted child in the same household as a mother who had a BMI 25. Overweight persisted among an additional 21% of the population.
Several maternal, child, and household characteristics were associated with MCDB ( Table 3) . In multivariate analyses, maternal short stature and older age strongly predicted MCDB, whereas higher levels of maternal education were protective against MCDB. Child characteristics, such as older age, higher birth order, and being female, were associated with an increased odds of MCDB, whereas being breastfed at the time of interview was associated with a lower odds of MCDB. A large family size and a higher weekly per capita household expenditure were positively associated with MCDB ( Table 4) .
Bangladesh
The mean (6SE) age of the mothers was 27.0 6 0.02 y (Table  1) . Approximately 70% of the mothers had no or only primary education, and 14% had short stature. The mean (6SE) BMI was 19.8 6 0.01, and 12% were overweight. The mean (6SE) age of the children was 30.1 6 0.04 mo, and about one-half (52%) were male. Approximately 42% of the children were stunted, and 96% were breastfed at the time of interview. Nearly two-thirds (64%) of children had received a high-dose vitamin A capsule in the previous 6 mo, and 18% had had diarrhea in the past 2 wk (Table 1) .
In rural Bangladesh, MCDB was observed in ;4% of the households (Table 2 ). Approximately 2% of the population had a stunted child paired with a mother whose BMI was 23-24.9. In total, ;12% of the mothers surveyed in the sample were overweight.
In multivariate analyses, maternal short stature and older age were associated with an increased odds of MCDB (Table 4) . Higher maternal education also predicted MCDB. Child characteristics, such as older age and being female, predicted MCDB, whereas being breastfed at the time of interview was protective against MCDB. A larger family size and a higher weekly per capita household expenditure were associated with an increased odds of MCDB (Table 4) .
DISCUSSION
In the current analysis, we examined the prevalence and predictors of MCDB in rural Indonesia and Bangladesh. To our knowledge, this article is the first to present trends in the coexistence of under-and overnutrition exclusively in a rural, developing country setting using nationally representative data sets.
Our results suggest that the prevalence of MCDB is higher than previous estimates, particularly in Indonesia. In Indonesia and Bangladesh, previous literature estimated the prevalence of double burden households to be 11% (11) and 2% (14), respectively. However, these studies used smaller samples from urban areas. Specifically in rural Asian countries, the prevalence of MCDB was estimated to be ;1-6% of the population (5). Overall, our findings confirm previous results that overweight among adult women (4, 9, 34, 35) and child stunting (5, 36, 37) persist in rural settings. Overweight among adult women in Asia is well documented in several developing countries (24) . Notably, this trend is also documented in several Asian rural populations, including Kazakhstan (36%), Uzbekistan (26%), China (15%), and India (6%) (4). The increasing prevalence of overweight may be a result of shifts in eating and lifestyle with increased access to energy-dense foods. Moreover, mechanization in rural areas (ie, use of motorized vehicles to do agricultural work) has contributed to physical inactivity in developing countries (38) . Similarly, child stunting is well documented in the developing world (14, 39, 40) , and evidence suggests that it can be higher in the rural setting (5, 36) . In Asia specifically, 31% of children younger than 5 y are stunted, and an estimated 16 countries have reported a child stunting prevalence of 40% (41) . The health consequences of maternal overweight and child stunting are considerable (16, 20, 42, 43) .
In both Indonesia and Bangladesh, maternal characteristics such as age, stature, and education level were strongly associated with the risk of MCDB. Most notably, maternal short stature increased the risk of MCDB in both countries. This result is consistent with that of Sichieri et al (44) , who reported that BMI gain was significantly higher among short-statured women. Relevant research shows that maternal short stature, reflecting malnutrition in early life, is associated with an increased risk of having cephalopelvic disproportion and stunted child (44, 45) . Child stunting, in turn, is also associated with an increased risk of obesity and chronic diseases in adulthood (45) . In particular, Victora et al (16) suggest that rapid postnatal weight gain is linked to high glucose concentrations, blood pressure, and harmful lipid profiles. This intergenerational cycle of maternal short stature and child stunting helps to explain the association between maternal short stature and MCBD.
In the Indonesian sample, higher levels of maternal education were protective against MCDB. This association corroborates previous findings (14) indicating that discordant mother-child pairs were significantly less likely to occur in households in which the mother had some type of formal education relative to those in which the mother has no formal education. On the other hand, in rural Bangladesh, higher levels of maternal education were associated with an increased risk of MCDB. Evidence indicates that the association between education and obesity in a developing country setting is complex and may even vary within the same country (46) . Discordant results for education related to obesity in women suggest that traditional primary and secondary education may not be sufficient to reduce the risk of MCDB, but rather that specific education on nutrition and child feeding practices may be a more effective intervention strategy to reduce MCDB in rural populations. Several important child characteristics were associated with an increased likelihood of MCDB, including older age, later birth, and being female. A greater prevalence of stunting among females has been reported elsewhere (15, 36) . Lee et al (15) reported that in households with a stunted child and an overweight mother, a majority (55.3%) had a female child. In addition to nutritional status, poverty, inequity, and social status are among the underlying social factors that may contribute to stunting. An analysis of nutrition indicators globally indicates that there might be differences in the feeding and care of girls compared with boys, which leads to an increased prevalence of stunting among girls (36) . This may stem from power relations and social norms that perpetuate discriminatory attitudes and practices toward females. The increased prevalence of stunting among females may account for the association of being female with a higher odds of MCDB in this sample.
Households where a child was being breastfed at the time of interview were less likely to have a discordant mother-child pair, which reinforces the notion that breastfeeding affects the nutritional status of both mother and child (47) . Breastfeeding results in a greater likelihood of the child meeting their daily nutrient requirements; thus, they have a decreased prevalence of stunting. Maternal health outcomes have also been linked to breastfeeding, with the risk of maternal overweight being inversely associated with breastfeeding. Several possible explanations have been proposed, including the notion that breastfeeding increases the calorie expenditure of the mother. We recognize that this finding is primarily applicable to those children younger than 24 mo of age. In Indonesia and Bangladesh, 87% and 96% of children aged 6-23 mo, respectively, were breastfed at the time of interview. Although not presented, multivariate logistic regression analyses were explored with a stratified sample (6-23 mo compared with 24-59 mo of age), and the findings were similar to those presented in this article. Household characteristics, including family size and SES, were also important factors explored in this analysis. Notably, higher SES as measured by weekly household expenditure was significantly associated with MCDB. Our findings were similar to those (11, 14) who reported that double-burden households were more likely to be among the wealthier quintiles. Expenditures on total food, nongrain food, and grain food were also explored (data not shown). Overweight among mothers was most prevalent among households in the highest quartiles of expenditure for total food, nongrain food, and grain food. Stunting and expenditures had an inverse relation. These results are consistent with the notion that there is a strong positive association between SES and Some limitations to this study should be considered. First, this was a cross-sectional analysis that explored the predictors of MCDB, so causation cannot be established. Second, although low food variety characterized by micronutrient malnutrition may increase the risk of MCDB (48) , the dietary intakes of women and children were not considered. Predictors of maternal obesity, such as history of physical activity, prepregnancy weight, and weight gain during pregnancy, were not available. An insufficient number of observations prohibited us from considering parity, frequency of breastfeeding, or age at which supplementary feeding commenced in the multivariate analysis. However, the literature (49, 50) suggests that the effects of postpartum weight gain may be minimal in our samples. Although an important variable to consider, the birth weight of children was not included in the multivariate analysis because it was not statistically significant when explored in bivariate analysis. Finally, operational definitions of double burden vary. MCDB, as defined in the current analysis, may also lack comparability with definitions in other countries and contexts.
Despite these limitations, examining the key risk factors of stunted children and overweight mothers is a critical step in developing nutrition intervention programs that target both extremes of the malnutrition paradox. The current analysis draws attention to the need to consider a broad definition of malnutrition. These findings suggest that MCDB is not exclusive to urban settings and that maternal short stature may be a strong risk factor, whereas the role of maternal education needs further exploration. These findings reinforce evidence of an association between economic factors and malnutrition, yet suggest that future policies and interventions need to address malnutrition in both rural and urban areas.
